The fascial system is an integral part of the musculoskeletal system. It is a three-dimensional network of connective tissue spreading ubiquitously throughout the body, surrounding muscles, bones, internal organs, nerves, vessels, and other structures. The basic biophysical properties of the fascial system are determined by its structure and chemical composition. This study aimed to determine the elemental composition of pathologically unchanged fascia lata of the thigh, collected during autopsies on humans and dogs. The wide spectrum of elements analysed included both macro and micro elements. The analyses were conducted using scanning electron microscopy with X-ray microanalysis (SEM-EDS). Concentrations of the following macro and micro elements were dermined: C, N, O, Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, Fe Co, Ni, Cu, and Zn. The obtained results showed significant differences between human and canine fascia lata regarding the content of most of the examined elements (p < 0.05), except for N. These data may in future provide a starting point for the establishment of reference values for the content of various elements in normal fascial tissue and may also serve to verify the usefulness of experimental animal material as a substitute for human tissue.
INTRODUCTION
Fascia is a strong connective tissue structure formed by an ordered arrangement of collagen fibres playing mainly mechanical and protective functions in an organism. It is an element coordinating muscle motor units and connecting body joints, thus enabling harmonious movement of humans and animals (Chaudhry et al., 2007; . On the functional, morphological, and biochemical levels, disturbances in fascial structures may manifest themselves as a considerable limitation of mobility and often strong pain reactions. In spite of the significant contribution of the fascia to the functioning of the motor system in humans and animals, these structures are not yet satisfactorily understood, especially when compared to other elements of the broadly-defined musculoskeletal system (Samborski, 2006) . In order to broaden the general knowledge of the fascial system, we decided to investigate the elemental composition of fascia lata.
Our basic knowledge of human and animal tissues and internal organs stems mainly from their anatomical, histological, and ultrastructural analyses. Based on this information, indirect conclusions may often be drawn on the metabolic status of the analysed structures. Despite the fact that this knowledge is very detailed, it is nonetheless incomplete since it does not take into consideration the chemical composition of the analysed objects or the relationship between such composition and the structure of the analysed body tissues.
Only few papers on the elemental composition of specific organs or tissues, have been published The same is the case for connective tissue structures, including fascia. The publications available point to a relatively constant mineral composition of the body of an adult human being regardless of age and sex (Brown, 1926; Kahler, 1976; Widdowson et al., 1995) . This knowledge may be useful in determining the content of particular elements in normal tissues, including fascia. Deviations from the specified reference values would thus indicate a pathology. So far, information on the elemental composition of biological material originating from the patient has been often omitted in the diagnostic process (except for the routine biochemical analysis of blood).
The proper functioning of cells and tissues is to a considerable degree conditioned by mineral homeostasis. Even a small degree of disturbance of that homeostasis may potentially lead to the occurrence of functional, or even structural, abnormalities (Larsen et al., 1960; Sahin et al., 2001; Koźma et al., 2001) . From the point of view of tissue physiology, proper levels of both macro (e.g., Ca, Mg, Na, K, and Cl) and micro elements (e.g., Fe, Co, Cu, Zn) are essential. The cations Ca 2+ , Mg 2+ , Na + , and K + play a key role in muscle contraction and thus also in the dynamics of the cooperating fascial system. The main anions playing a similar role are Cl -and OH -, which are the basic elements of efficiently functioning ionic canals. Among micro elements, Zn, Fe, and Cu are especially important for the proper functioning of fascial tissues * e-mail: joannaczogala@gmail.com Abbreviations: Al, aluminium; C, carbon; Ca, calcium; Cl, chlorine; Co, cobalt; Cu, copper; Fe, iron; K, potassium; Mg, magnesium; Na, sodium; N, nitrogen; Ni, nickel; O, oxygen; P, phosphorus; S, sulphur; Si, silicon; Ti, titanium; Zn, zinc; wt.%, weight percentage; SEM-EDS, scanning electron microscopy with X-ray microanalysis; U M-W, test U Mann-Whitney. Vol. 59, No 4/2012 531-535 on-line at: www.actabp.pl because they influence synthesis and regeneration of collagen fibres -the main building components of the fascia (Becker et al., 1968; Tengrup et al., 1981) .
The chemical characteristics of both organic and inorganic matter are analysed using, among other, optic crystallography, X-ray diffraction, and infrared spectroscopy (Byrne et al., 1989; Vanhoe et al., 1989; Krachler et al., 1998; Olszytńska-Janus et al., 2008 , Olsztyńska-Janus et al., 2012 Guidotti et al., 2008; Sun et al., 2009) . It can, therefore, be concluded that different methods give different kinds of information (Guidotti et al., 2008) . Electron microscopy is currently a commonly used analytical technique in numerous scientific disciplines, including biological sciences. The application of scanning electron microscopy combined with X-ray microanalysis (SEM-EDS) as a research method seems to be an appropriate solution due to the small amount of material needed for the analysis, and also its relatively short duration. Both these features are especially desirable in the case of specimens of biological origin, particularly in the course of clinical diagnostic process, for example urinary stone analysis (Czogała et al., 2006; Kaliński et al., 2009) .
The aim of the present study was a quantitative determination of the elemental composition of fascial tissues of humans and animals using scanning electron microscopy coupled with X-ray microanalysis. Also, the study mapped various elements on the surface of selected specimens. The chemical characteristics of pathologically unchanged fascial tissues may be applied in future as a database useful in medical and veterinary transplantology.
MATERIALS AND METHODS
The study was conducted on pathologically unchanged fascia lata of the thigh, collected post-mortem from humans and dogs ( Fig. 1) . Ten human and seven animal specimens were examined in the Laboratory of Electron Microscopy at the Wroclaw University of Environmental and Life Sciences. At the beginning of the experiment, different specimens collected randomly from specific areas of the analysed tissue were checked in order to verify biochemical homogeneity of the material. Next, a 10 × 15 mm fragment was collected from the central part of each specimen in order to conduct the elemental composition analysis.
The measurements were conducted using the technique of elemental analysis on the electron level with a Quantax 200 Esprit 1.8.2 EDS X-ray microanalysis device coupled with an EVO 15 LS scanning electron microscope. The examined material was fixed in 2.5% glutaraldehyde in phosphate buffer (pH 7.4) and then rinsed in pH 7.4 phosphate buffer. Once prepared, such specimens were dehydrated in acetone-water series of gradually increasing concentration (from 30 to 100%) and then dried convectionally at room temperature and glued on tables using carbonate tape. A single measurement of the percentage content of elements in the analysed human and canine material was conducted each time at a 0.5 µm × 0.5 µm point. The result was the mean of seven measurements conducted at randomly selected points on the surface of the analysed material. In this way we determined the percentage content of various elements on the surface of a given fragment of fascial tissue. The content of each element was displayed as weight percentage (wt.%). Additionally, we mapped the elements on the surface of the specimens, each time starting by taking the priming image using a secondary electron detector (SE1). All the examinations were conducted under high vacuum conditions with accelerating voltage of 20 kV. The mapping of particular elements is presented on maps (Fig. 3, Fig. 4) .
The statistical analysis was performed with the use of StatSoft Statistica 8.0 software. First, the obtained data were processed in order to detect and eliminate outlying measurements (Grubbs test). In our statistical calculations we assumed the independence of measurements of elemental composition and the standard value of confidence level α = 0.05 for hypothesis testing. Note that according to standard normality test results (Kolmogorov-Smirnov and Shapiro-Wilk test) the analysed measurements were not distributed normally. Hence, nonparametric tests were use to find out statistically significant differences among the compared specimens.
A nonparametric version of the one-factor analysis of variance in the form of the Kruskal-Wallis test was used for measurements of the content of particular elements in fascia for various individuals. This test enables evaluation of the hypothesis on origination of the specimens from the same population (testing of median equality for particular specimens). In turn, the non-parametric MannWhitney U test was applied to test if two independent specimensoriginated from the same population.
RESULTS
The analyses of elemental composition conducted on the surfaces of the examined fragments of human and canine fascial tissues demonstrated the presence of the following micro and macro elements: C, O, N, Na, Mg, 
(a) (b)
Al, P, S, Si, Zn, Cu, Ni, Ca, Fe, Co, Ti, Cl, and K. The obtained measurement results of the percentage content of these elements in canine and human fascia lata were processed statistically and are shown in Table 1 .
Since the normality assumptions for the measurements are significantly violated, the non-parametric U MannWhitney test for assessing two independent population medians is applied. The evaluated null hypothesis is as follows: "For each element, the median of human percentage content equals the median of canine percentage content". The assumed significance level is α = 0.05 (if testing probability p > α, then null hypothesis is accepted, otherwise it is rejected).
The elements observed in both species in the highest concentration included C, O, and N. The next highest percentage contributions were noted for Na, Mg, Al, P, and S, while K, Cl, and, Ti were noted at the limit of the apparatus detection capability.
In the case of the three elements whose contribution to the composition of fascia is the highest (carbon, oxygen, and nitrogen), the differences between dogs and humans are statistically significant except for N. However, in the case of the remaining detected elements, the differences between the dog and human tissue were statistically significant (testing probability obtained from the applied tests p << α). It can be noticed that the average content of those elements is in most cases higher for human than canine fascia.
We also mapped various elements on the surfaces of the analysed canine and human specimens (Fig. 2) .
With respect to C, O, and N (Fig. 3) , we found a regular band like distribution of the elements, while the arrangement of other elements was more chaotic (Fig. 4) .
DISCUSSION
The fascial system of the body is an integral element of the musculoskeletal system. It is responsible for the structural integrity of the organism, ensuring its strength and the ability to react efficiently to external and internal mechanical stimuli. Disorders of the fascial system are classified under rheumatic diseases of the soft tissue. They are characterised by pain of varying intensity, considerable movement restriction, and significant discomfort for the patient. In many cases a standard physical examination cannot detect fascia disorders because often the only symptoms are discomfort and pain subjectively perceived by the patient (Kroening et al., 1985; Joshua, 2007; .
Our analysis of scientific papers indicates that only during the last decade has the fascial apparatus of humans and animals received considerable attention (Michel et al., 1984; Schnabel et al., 1994; Findley, 2009; .
Fascia, similar to skin, is the first line of defence against undesirable mechanical, chemical, and biological stimuli. The connective tissue forming fascia is made mostly of collagen fibres and, to a smaller degree, of elastic fibres. The high collagen content ensures its strength and flexibility. The collagen fibres are arranged in the fascia in a spatial network the cellular elements are suspended.
The ultrastructural features are essential for the proper functioning of a given tissue, but of equal importance is the elemental composition. Although in recent years there has been a slight increase in interest in the elemental composition of various tissues and organs, this topic definitely has numerous areas where our knowledge remains incomplete (Brown, 1926; Lenglet et al., 1984; Demajo et al., 2006; Guidotti et al., 2008) . It seems that in certain situations the determination of tissue elemental composition could be more reliable and informative than determination of tissue density or even it histological structure.
The determination of the spectrum of trace elements in the body fluids and tissues is connected, among others, with the determination of exposure of an individual to a particular element. It also shows individual predispositions for the accumulation of a particular mineral in a given location due to, for example, absorption from various internal and external sources, metabolic diseases (Cu accumulation), and impaired excretion (Pb accumulation). An assessment of the elemental composition of the serum and whole blood, while readily available, is also of limited usefulness mainly due to the fact that the serum content of particular elements results from the action of numerous homeostatic and compensatory mechanisms in the body, and only to a some degree reflects the actual mineral status of the rest of the tissues and organs (Cornelis et al., 1995; Massadeh et al., 2010) . Other tissues, such as parenchymal organs or fascia, may provide more relevant information on the elemental status of human and animal bodies.
The basic morphological, functional, and biochemical parameters of the fascial system have still not been established unequivocally. Knowledge of the elemental composition will allow us to better understand both the anatomical structure and the function of this type of connective tissue. The bulk elemental composition of the whole fascia is determined to a high degree by the amino acid composition of collagen, i.e., glycine (33.5%), proline (12%), and hydroxyproline (10%) (Widdowson et al., 1995) . The regular arrangement of the three dominant elements C, O, and N on the surface, seen in the mapping of the analysed specimens, was due to the fact that the analysed tissue was composed mainly of collagen fibres (Kumai et al., 2006) . Most of the elements in the fascia may also be cofactors of enzymes contributing to fascial collagen metabolism, as in the case of zinc and lysine oxidase (Wirtschafter et al., 1962; Rosch et al., 2002; Szczęsny et al., 2005) .
In future it would be interesting to compare the elemental composition of pathologically unchanged fascia with the corresponding tissue from individuals suffering from myofascial disorders (Michel et al., 1984; Schnabel et al., 1994) .
Despite two mammalian species analysed here, dog and human, being fairy closely related evolutionary and living virtually in the same environment, the results of this study demonstrated substantially lower concentration of most elements in the canine tissue compared to the human one. An opposite phenomenon seems to obey in the case of serum minerals levels (Kabata et al., 2005; Winnicka, 2008) . Taking into the consideration differences in the elemental content of other tissues, e.g. the liver content of Zn, Cu, and Fe it is also higher in the case of dogs compared to human beings (Brown, 1926; Bush, 1995; Schultheiss et al., 2002) .
